Abstract: The interactions of xanthans containing precise acetate and pyruvate concentration with Konjac glucomannan (KGM) were studied at different sodium chloride and polymer concentrations. A new unified model of the interaction is proposed, taking into account previous models in the literature. This study suggests that the interactions occur by two distinct mechanisms dependent on xanthan conformation. These interactions are not mutually exclusive and may co-exist and hence produce complicated traces. Consequently two types of gel which melt at different temperature ranges can be formed. Depending on the xanthan helix coil transition temperature, one or both of the synergistic states may exist in the hydrocolloid blend. The proposed model has been tested rheologically and using Differential Scanning Calorimetry by varying salt concentration and using samples containing different functional group concentrations. We believe this manuscript unifies the various approaches to and models of the interactions between these biopolymers which have been reported extensively over the last few decades. The work has the clear objective of providing a fundamental understanding of the gelation of mixtures of these biopolymers and reaches some definitive conclusions. We believe the clarity of the approach and the rationalisation of apparently disparate previous models merits publication in a high quality journal such as Carbohydrate Polymers.
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In accordance with your requirements we offer the names, affiliations and E-mail addresses of the following 5 referees who are fit to judge the merits of the work: Mixed polysaccharide gels are a current active area of research. Methods continue to be improved to control and 2 describe the mechanism of interaction and the properties of mixed gels.
3
One polysaccharide which is well-known for gelation dependent on synergistic interaction with mannan based 4 gums, is xanthan. Xanthan gum is an extracellular polysaccharide used as a food additive and rheological modifier,
5
however it does not form true gels on its own 1 . Xanthan forms self-supporting gels in mixtures with galactomannans 6 of low galactose content, such as locust bean gum, or with konjac glucomannan (KGM). Similar to xanthan, these 7 polysaccharides have a β-(1→4) linkage linear backbone.
8
There are many hypotheses concerning the mechanism of gelation between xanthan and galacto-and 9 glucomannans. One of the earliest proposed mechanisms 2, 3 was that the unsubstituted regions of the mannan 10 backbone attach to the surface of the xanthan helix, i.e. interaction occurs when xanthan is in the ordered
11
conformation. This hypothesis has been supported by further work 4-7 .
12
In a different approach, other studies [8] [9] [10] have suggested the possibility of interaction between the side chains of 13 xanthan and unsubstituted segments of the backbone of the mannan polysaccharide.
14 However, it has also been suggested that the gel formation is due to intermolecular binding between the 15 galacto/glucomannan and the disordered backbone of the xanthan molecule, rather than to the 5-fold helix surface 14 15
Preparation of solutions

16
Solutions were prepared by cold dispersion of the polymers in distilled water. Samples of one polymer were then 17 mixed using a magnetic flea whilst heating to 90 ºC and held at that temperature for 20 min. Upon cooling to room 18 temperature individual polymer samples were mixed together in a ratio of 1:1 and left over night.
20
High Sensitivity Differential Scanning Calorimetry (DSC)
21
Experiments were performed in a Setaram Micro DSC III (Setaram, Caluire, France) using cells made from
22
Hastelloy, capable of holding approximately 0.8 ml and sealed using Hastelloy screw tops with viton "O" rings.
23
Solutions were placed with the minimum of disturbance of the viscous structure into the cell and initially cooled to a 24 starting temperature of 10 °C. Samples were heated and cooled at rates of 1ºC min 
29
Small deformation mechanical spetroscopy
30
Rheological testing of the solutions and gels was performed in oscillation using cone and plate geometry (4 cm 
28
The rheometry data on Figure 4 shows the elastic modulus (G') on second heating as a function of temperature with 
53
The storage modulus and the temperature of gelation 54 Figure 5 shows the elastic modulus (G') as a function of temperature whilst cooling at a rate of 1°Cmin and the fact that the mixed gel stoichiometry corresponds with such mixing ratios, this argues against the latter 6 assumption, and suggests all xanthan molecules are occupied in the synergistic interactions.
8
The relevance of the xanthan transition temperature 9
As has been indicated already, the SA/SP xanthan sample, which exhibits a broad DSC peak for xanthan alone at 10 10mM NaCl, shows two waves of G' increase when mixed with KGM ( Figure 4a) ; one starting around 60ºC similar to 11 that seen for samples containing high pyruvate levels and low ionic strength and another one about 45°C, in the same 12 region as that for SA/HP at 40 mM NaCl, which suggests a different mechanism for its interaction with KGM. As has 
19
Type A and Type B interaction
20
In the Type A interaction, xanthan retains its helical conformation when interacting with KGM and the gel melts at 
39
They conclude that these two ''waves'' of gel formation are attributed to the interaction of KGM with, respectively, 40 xanthan sequences that had retained a high content of pyruvate substituents, and sequences depleted in pyruvate by 41 acid hydrolysis. They also reported that the increases in G' were not dependent on the xanthan transition temperature. 
43
49
What has not been reported (Agoub et al., 2007) 30 is the result of the first heating of the samples, i.e. mixing the 50 polymers cold and loading them cold into the rheometer. As can be seen on Figure 7a , the modulus for all xanthan 51 samples during the first heat, shows both types of waves of increase but with different intensities. Linearizing the 52 logarithmic scale for the modulus facilitates the comparison of the magnitude of the waves.
54
The Effect of heat treatment and xanthan transition temperature on the interaction mechanism 55 Figure 7a and 7b, for a high pyruvate sample in which the xanthan disorder-order transition temperature is below
56
60°C show a significant increase in the Type B interaction after the first heating (Figure 7b ). Heating intensifies type more unified network arrangement on cooling. Interestingly, after the first heat, the samples in which the xanthan 1 helix-coil transition temperatures were higher than ~60°C (Type B interaction occurs at ~60°C), e.g. SA/LP, no longer 2 exhibit a type B wave or drop in the modulus at around 50°C with heating. Only the SA/SP-KGM mixture shows both 3 types of interactions on cooling. This behaviour has already been explained by the temperature at which the helix to 4 coil transition is found. As can be seen on Figure 1 , the SA/SP xanthan disorder-order transition has started just before 5 the Type B interaction temperature (~60ºC) and has ended after it. At the point of the first wave of G' increase (60ºC) 6 some of the xanthan molecules are ordered. Therefore on cooling the xanthan in this sample can participate in both 7 types of interactions.
9
Verifying the proposed model
10
In order to verify the proposed model of A and B type interactions, the transition temperature for SA/HP was 11 adjusted by changing the salt content so that the mid-point occurred at the same temperature as the SA/SP sample i.e.
12
the transition started below and finished above 60°C (Figure 8a and b) .
14
The SA/HP-KGM mixture in 15 mM NaCl shows both types of interaction on cooling comparable to the SA/SP-
15
KGM mixture.
16
On increasing the salt level to 40 mM NaCl , the preferred interaction is Type A mechanism, especially after the compares the DSC curve for SA/HP-KGM mixture at 0.5% and 1% total polymer concentration, on cooling. As can 20 be seen at 1%wt. the low temperature peak ~45°C is detectable and represents Type A interactions. However, at this 21 polymer concentration and ionic environment there is also evidence of a small amount of Type B interaction, with the 22 additional higher temperature transition being that of the xanthan coil-helix transition.
24
As a further test, and using a different approach, 40 mM NaCl has been added after preheating a mixture of xanthan
25
SA/HP+KGM at 45°C before letting the mixture cool. After adding salt at 45°C, the cooled mixture was loaded on the 26 rheometer and a temperature sweep performed (Figure 8d ). At the temperature of salt addition, a gel due to the type A 27 interaction would have been melted but that due to a type B interaction would be stable. Consequently the salt did not 
32
A summary of the different types of interaction are shown on figure 9.
34
In conclusion
35
The main conclusions for this investigation are as follows:
36
A new model for interaction of xanthan and KGM is proposed in which 2 possible interaction mechanisms may 37 exist singly or together. In the Type A interaction, xanthan keeps its helical conformation and the formed gel melts in 
